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Abstract 
This paper presents a CFD analysis on thermal comfort and energy consumption effected by partitions in an air-
conditioned building. CFD experiments are carried out to simulate variables of indoor air before/after installation or 
removal of partitions. Accordingly, the Predicted Mean Vote (PMV) is determined as an indicator of thermal comfort 
while the cooling load of make-up air is calculated for energy consumption. Some simulated results are validated by 
measurements with good agreement where a case study is conducted in an air-conditioned space of a library. With the 
proposed methodology, it can be recommended in a case study that the significant effects of partition on thermal 
comfort are observed in the regions where occupants feel warmer and in the regions where occupants feel 
uncomfortably cool after installing the partition while the energy consumption increases by 24%. The installation of 
the partition at the desired location is not encouraged regarding to occupant’s comfort and energy consumption 
without modification of the air-conditioning units. 
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1. Introduction 
Nowadays, people spend more than 90% of their lives inside building [1]. Interior partitioning of 
building is an act of demarcating spaces into multiple volumes for various uses. It is challenging for 
architects and design engineer to quantitatively justify decision-making process in installation or removal 
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of partition within such indoor air-conditioned environment since there are great interacting effects of 
partitions towards occupant’s thermal comfort and building energy consumption. Generally, the 
simultaneous attainment of comfortable indoor environment and efficient energy consumption is not an 
easy task [2]. In a scenario of partitioning, the conditioned space without proper indoor design poses a 
great threat not only to occupant’s comfort but also to energy consumption of building. Thus, it is of 
significance to qualitatively study interacting effects of partitions in the air-conditioned space on thermal 
comfort, and energy consumption when the partitions are installed in or removed from the air-conditioned 
space. 
2. Methodology 
CFD experiments are carried out for studying occupants’ thermal comfort and energy consumption of 
an air-conditioned building. Proposed by Fanger [3], the Predicted Mean Vote (PMV) is widely used as 
an index of thermal comfort which has also been adopted by ISO Standard 7730 [4]. PMV is a measure of 
average vote of a large group of people. It is calculated by Eq. (1) by using a heat-balanced equation of 
six variables: air temperature (T), air velocity (v), relative humidity (RH), mean radiant temperature 
(MRT), clothing (Clo), and metabolic activity (Met). It can be physically interpreted by thermal sensation 
on a PMV scale from -3 to +3, where 0 represent neutral sensation as given in Table 1. The acceptable 
range of PMV for comfortable indoor conditioned environment as suggested by ASHRAE 55 [5] is from  
-0.5 to +0.5.  
 
),,,,,( MetCloMRTRHvTfPMV        (1) 
 
Table.1. Thermal sensation on PMV scale 
 
Cold Cool Slightly cool Neutral Slightly warm Warm Hot 
-3 -2 -1 0 1 2 3 
 
Thermal energy consumption can be related to cooling/heating load of an air-conditioning unit. The 
balances of energy can be used to determine cooling load of an air conditioning unit required to maintain 
satisfactory indoor atmosphere. It is calculated as a total change in enthalpy of a conditioning air at the 
supply diffuser and extract grilles. The rate of thermal energy consumption Q  can be expressed as: 
 
¦¦  iioo hmhmQ          (2) 
 
where om is the mass flow rate at each extract grilles, im  is the mass flow rate at each supply 
diffuser, oh  is the enthalpy of air at each extract grilles and ih is the enthalpy of air at each supply 
diffuser. 
2.1. CFD model description 
To investigate effects on thermal comfort and energy consumption, an installation of a partition is 
advised to be considered for a purpose of usage for a library at Sirindhorn International Institute of 
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Technology, Thammasat University as shown in Fig 1. The library has sizes of 38 m in length, 27.3 m in 
width and varying ceiling height of 3 m with dropped ceiling and 4 m without dropped ceiling. The 
library premises are suitably facilitated by an air conditioning system with thirty-eight ceiling-type 
diffusers. Room air is extracted to ceiling plenum via 4 rectangular extract grilles. Each diffuser has neck 
dimension of 310 mm × 310 mm while each extract grille has neck dimension of 2.5 m × 0.4 m. 
 
 
Fig.1. Illustration of the model of library 
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Fig.2. Location of supply diffusers, extract grilles, occupants and measuring points 
2.2. CFD simulation and boundary conditions 
The CFD model was designed with much precision in geometrical configuration as the real library. 
Heat sources and other indoor entities were subsequently added to the geometry. It is impractical to install 
a partition and then study its effect experimentally in such a large space. Furthermore, the indoor heat 
source and outdoor climate had been changing in quasi-equilibrium conditions. So we approached the 
quantitative analysis of the effect of partition on thermal comfort and energy consumption via numerical 
simulation. SolidworksTM Flow Simulation was employed to numerically compute indoor airflow 
behavior, temperature and humidity distribution. Results of the simulation for a case study of a library 
without partition were compared to the experimental result which showed fair agreement. Fig 2 shows the 
air-conditioned space is occupied by 27 students and staffs under daily maximum loading capacity around 
2 PM. Each occupant, ceiling lights and computers are modeled to generate heat of 140 W, 60 W and 45 
W respectively. The measured outdoor air temperature and relative humidity at the time of experiment is 
recorded as 34±1º C and 55±3% respectively. Overall heat transfer coefficient is calculated for concrete 
wall (2ܹ ݉ଶΤ  ºܥ), entrance (6 ܹ ݉ଶΤ  ºܥ) and glass wall (6 ܹ ݉ଶΤ  ºܥ) to determine the heat flux entering 
the conditioned space. Typical summer clothing and sedentary activity values of 0.5 Clo and 1.2 Met [6] 
respectively were considered for PMV calculation. Among 38 ceiling type diffusers, only 23 of them 
were under operation at the time of the experiment due to less number of occupants presenting at the 
library. The boundary condition at each supply diffuser is given in Table 2.  
 
Table.2. Boundary conditions at supply diffusers 
 
Diffuser D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 
Air temperature (ºC) 23.3 23.3 23.3 23.3 - - 23.3 23.3 23.3 23.3 22.6 22.6 22.6 
RH (%) 60 60 60 60 - - 60 60 60 60 63 63 63 
Air velocity (m/s) 3.72 3.68 3.57 3.51 - - 3.51 3.57 3.68 3.72 3.92 3.86 3.74 
Diffuser D14 D15 D16 D17 D18 D19 D20 D21 D22 D23 D24 D25 D26 
Air temperature (ºC) - - 22.6 22.6 22.6 - - - - - - - - 
RH (%) - - 63 63 63 - - - - - - - - 
Air velocity (m/s) - - 3.74 3.86 3.92 - - - - - - - - 
Diffuser D27 D28 D29 D30 D31 D32 D33 D34 D35 D36 D37 D38 
Air temperature (ºC) 21 21 21 21 21 21 21 21 20 - - - 
RH (%) 65 65 65 65 65 65 65 65 68 - - - 
Air velocity (m/s) 3.73 3.69 3.61 3.59 3.59 3.61 3.69 3.73 5.6 - - - 
 
3. Results and discussion 
3.1. Field measurement 
Total 14 points at an occupied zone of 1.1 m above floor level as shown in Fig 2 are selected for 
measurement of air temperature, air velocity and relative humidity. Temperature and velocity is measured 
by using Testo 425 compact thermal anemometer while relative humidity is measured by using Testo 610 
handy humidity meter. Small variation in values between simulations and experiments are recorded for air 
temperature and relative humidity but their maximum difference is under 10%. Simulated and measured 
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values of velocities at the measuring points were under 0.25 m/s and no draft is detected. However their 
relative differences are much wider due to the disturbance created by the movement of occupants. 
3.2. Thermal comfort 
 
 
Fig.3. Comparison of PMV distribution (a) Without partition, (b) With partition 
 
Simulated results of PMV distribution are reported in the occupied zone at the height of 1.1 m above 
ground level. The values of PMV for two cases before/after installation of a partition are shown in Fig 3. 
The partition at the mid location is to separate the air-conditioned space into a reading area on the left side 
and a resting area on the right side. PMV distribution, in case of a library without partition, has neutral 
thermal sensation for major region on the reading area, including where occupants are seated. The resting 
area of library mostly has slightly cool and cool thermal sensation due to the supply of relatively cool air 
from diffuser and also due to the presence of fewer occupants. 
After installation of the partition, overall PMV in reading area has marginally increased but still 
remain below the threshold limit of thermal neutrality in most of the region. However some occupants 
seated at the top left corner have PMV value of 0.7- 0.8 and feel slight warm sensation. At the same time, 
the occupied region nearby extract grilles in reading area has decreased to slightly cool sensation due to 
the strong flow of return air. In the resting area, there is an overall decrement in the value of PMV, the 
most notable effect is observed in a rectangular stair way region and nearby where the sensation has been 
changed from neutral to slightly cool. Furthermore, the region with cool sensation has also increased in 
fewer regions such as “T” shape table and around the corner on the resting side of library. 
3.3. Energy consumption 
Table 3 shows numerically computed value of air temperature, relative humidity and air velocity at 
each extract grilles. Psychometric chart with the help of air temperature and relative humidity is used to 
calculate the enthalpy of return air. Tables 3 also show the rate of energy consumption calculated for each 
case as a difference of enthalpy of air at supply diffuser and extract grilles. 
After installation of a partition, the conditioned air at the reading side compensates higher heat load 
in the form of occupants and flux across the wall whereas the conditioned air at the resting side has 
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relatively lower amount of heat load. Therefore, return air temperature at the reading area is increased 
whereas at the resting area, it is oppositely decreased. 
Table.3. Air temperature, relative humidity and air velocity at the extract grilles 
 
       Before installation of partition After installation of partition 
Extract grilles E1 E2 E3 E4 E1 E2 E3 E4 
Air Temperature ( ºC) 24.6 24.4 24.5 24.2 22.9 24.9 25.1 22.6 
RH (%) 52 52.4 52.7 54 58 53.2 53.2 59.9 
Air velocity (m/s) 3.42 2.39 1.45 1.03 2 2.44 2.14 1.7 
Energy consumption for making up air 
(kW) 
 ¦ ¦4
1
38
1
E
E
D
D
iioo hmhm 
 
 
 
 
10.23 
 
 
12.73 
E= Extract grilles, D= Supply diffuser,  
Avm U  , U = 1.225 kg/m3, Area of extract grilles, Ao= 1m2, Area of supply diffuser, Ai = 0.0961 m2, 
velocity ( v ) and enthalpy ( h ). 
 
4. Conclusion 
The CFD experiments show that the thermal comfort level is deteriorated in some specific regions with 
the installation of partition and the energy consumption is higher by 24%. Thermal comfort and energy 
consumption can subsequently be improved by adjusting air parameters at the supply diffuser and 
locations of extract grilles. While installing partition in a current scenario is not encouraged, the detail 
study of indoor design and flexibility of the location of partition with the aid of CFD tool can be 
performed before taking any physical changes in library. The refined CFD modeling such as infiltration 
of air through the entrance door is being investigated in further study. 
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